1 has been coupled with significant environmental degradation. For example, approximately 40% of China's land is affected by soil erosion and deforestation. 2, 3 Rapid economic growth and significant environmental degradation are also occurring in many other developing countries. 4, 5 Hence, although socioeconomic development may improve population health and survival, related environmental degradation may have an opposite effect in China and elsewhere.
The population of China, as in all developed and many other developing countries, is aging because of substantial declines in both fertility and mortality. The number of persons aged 65 years and older in China is forecast to increase dramatically from 87 million in 2000 (6.7% of the population), to 243-252 million in 2030 (16.5%-17.0%), and then to 352-398 million in 2050 (24.1%-26.4%), with the ranges reflecting uncertainty about changes in mortality in the next few decades. 6 Population aging is occurring 3.3 to 4.4 times as quickly in China and other developing countries as it is in Europe. 7 Previous studies identified significant associations of community socioeconomic conditions and physical environment (such as degree of air pollution, average temperature, yearly rainfall, and geographic topography) with health and mortality. 8, 9 Elderly persons are especially sensitive to their physical and social surroundings and may be more vulnerable than younger adults to the negative effects of environmental degradation on health and survival. [10] [11] [12] Consequently, the concurrent rapid population aging and environmental degradation in China and other developing countries are likely to impair the quality of life of elderly people and their families. Furthermore, developing countries lag behind developed countries in both socioeconomic welfare and environmental protection; with little preparation, the challenges of coping with an aging society that China faces are more serious than those in developed countries. Estimates of the associations of environmental factors with elderly health and survival are therefore vital for the formulation of policies for sustainable development and public health in developing countries. The elderly are among the groups most susceptible to the adverse effects of community socioeconomic problems and environmental pollution; research is needed in this population to identify the most crucial issues as targets of policy remedies. 12 The current literature concerning the associations of community conditions with elderly health and mortality has major limitations. First, few longitudinal studies at the nationwide and population level have measured the actual environmental exposures of individual older persons. 12 Most previous research collected and analyzed community and individual data from 1 or a few municipalities 10, 13 or used aggregated data only. 14, 15 Second, almost all of the published studies focused on elderly persons younger than age 85 years because they lacked a sufficiently large subsample to adequately represent the oldest old, a subpopulation that is growing twice as fast as the overall elderly population (aged 65 years or older). 16 Third, previous work mostly focused on the developed countries; published analyses of data from developing countries, including China, are rare. 17 In developed countries, the socioeconomic conditions may differ less between different communities than they do in developing countries; this lack of variability may limit the statistical power of analyses of the associations of community environment with elderly health and mortality. Elderly health outcomes are generally believed to be affected by social and behavioral factors at the individual level, socioeconomic and physical environmental factors at the community level, and genetic factors at the molecular level, as well as the complex interactions among all of these. 18 We assessed the impact of community socioeconomic and physical environmental factors on health and survival among the elderly, adjusting for individual social and behavior factors such as age,
Objectives. We examined the effects of community socioeconomic conditions, air pollution, and the physical environment on elderly health and survival in China.
Methods. We analyzed data from a nationally representative sample of 15 973 elderly residents of 866 counties and cities with multilevel logistic regression models in which individuals were nested within each county or city.
Results. After control for individual-level factors, communities' gross domestic product per capita, adult labor force participation rate, and illiteracy rate were significantly associated with physical, mental, and overall health and mortality among the elderly in China. We also found that air pollution increased the odds of disability in activities of daily living (ADLs), cognitive impairment, and health deficits; more rainfall was protective, reducing the odds of ADL disability and cognitive impairment; low seasonal temperatures increased the odds of ADL disability and mortality; high seasonal temperatures increased the odds of cognitive impairment and deficits; and living in hilly areas decreased the odds of ADL disability and health deficits.
Conclusions. Efforts to reduce pollution and improve socioeconomic conditions could significantly improve elderly health and survival. gender, childhood conditions, and adulthood socioeconomic status (SES). We also conducted statistical analyses of the potential interactions between community-and individual-level factors. Genotype data were not available, but we used random-effects modeling to account for unobserved heterogeneity.
We analyzed data from a large, prospective, nationally representative cohort of the Chinese elderly, including a large subsample of the oldest old and a compatible subsample of the younger old, to test the hypothesis that community socioeconomic conditions, air pollution, and the physical environment in China are associated with elderly health and survival. Community conditions varied tremendously in the 866 counties and cities in our sample, providing a good opportunity to investigate the impact of environmental factors on health and mortality among the elderly. The CLHLS data include demographic characteristics, physical and mental health, chronic disease, socioeconomic status, family and social support and connections, and health practices for individuals and socioeconomic and environmental information for counties and cities. Information about the date of death and health status before dying for deceased respondents was collected through interviews with a close family member. Systematic assessments have documented the quality of the CLHLS data. 19, 20 Elderly Health Outcomes
METHODS
We used the activities of daily living (ADL) score for our measure of physical health.
Persons who needed help to perform any of the 6 daily tasks of bathing, dressing, moving around indoors, going to the toilet and cleaning themselves afterward, eating, and continence were considered to be ADL disabled; otherwise, respondents were regarded as ADL active.
The internationally accepted Mini-Mental State Examination questionnaire was culturally adapted and translated into Chinese. 21 For our mental health measure, we defined respondents who scored under 18 out of a total possible score of 30 as cognitively impaired. We used the cumulative deficits index (DI) score for our overall health measure. The DI, which has been widely applied in healthy aging studies, is a summation of deficits in variables reflecting different dimensions of health conditions. 22, 23 Following the general practice in constructing this measure (previously called the frailty index), 22, 23 we estimated the DI for each respondent from 30 variables, including cognitive function, ADLs, instrumental activities of daily living (IADLs), physical performance, selfrated health, interviewer-reported health, hearing and vision loss, heart rhythm, psychological distress, serious illness in the past 2 years, and specific chronic diseases. We dichotomized DI scores with a cutpoint of 0.45; 10.3% of respondents scored below this cutpoint (DI score mean= 0.26; variance =0.026). We also monitored mortality during the interwave period of 2002 to 2005.
Community Environmental Variables
Primary county or city variables included air pollution index (API), per capita gross domestic product (GDP), labor force participation rate, and illiteracy rate. We controlled for physical environmental factors (average temperature in January and July, yearly rainfall, and geographic topography) as confounding variables at the community level. The CLHLS measured these community variables in 866 randomly selected community units (counties or cities) in the 22 provinces surveyed (for more detail, see the Appendix available as a supplement to the online version of this article at http:// www.ajph.org).
We obtained data on community socioeconomic indicators from the National Bureau of Statistics of China 24 and data on the physical environment from the Chinese Natural
Resources Database 25 and the China Environmental Statistics Yearbook. 26 The labor force participation rate was the percentage of the total number of persons aged 15 to 64 years in the community who were currently working for pay. We used the widely accepted API for 1995 to reflect the possibly delayed effects of air pollution on elderly health in 2002 and mortality in 2002 to 2005. API was graded from 1= least pollution to 7 = most. The temperatures in January and July and yearly rainfalls were the average for 1950 to 1995.
We obtained geographic topography information from the community questionnaire of the CLHLS in 2002. Our mortality data was derived from the CLHLS longitudinal follow-up of respondents from the 2002 to 2005 waves.
Individual-Level Covariates
We reviewed the existing literature [27] [28] [29] to select 24 potential confounding factors measured in the 2002 CLHLS and controlled for them in our models. Demographic characteristics. Basic demographic data were age, gender, and ethnicity (Han Chinese versus minorities).
Childhood socioeconomic status. Childhood SES was determined by birth in a rural or urban area, father's occupation, whether both parents were alive when the respondent was aged 10 years, whether the respondent received adequate medication for childhood illnesses, whether the respondent frequently went to bed hungry in childhood, whether the respondent was a first-born child, and arm length (measured at the interview).
Adult socioeconomic status. Adult SES was determined by current residence (rural versus urban), education level, economic independence (having retirement earnings versus no income), primary lifetime occupation (white collar versus other), family household economic condition, and resources for medical expenses (primarily covered by public funds or insurance versus out of pocket).
Family and social support. Social network factors were marital status (currently married versus unmarried), number of surviving children, proximity to children (living with children or having at least 1 child close by versus having no children in home or close by), participating in religious activities (yes versus no), and a social and leisure activities index (constructed from available data for 7 activities: personal outdoor activities, gardening, reading newspapers and books, raising domestic poultry or pets, playing cards or mahjong, watching TV or listening to the radio, and participating in organized social activities other than religion).
Health practices. Respondents answered 3 dichotomous (yes versus no, for the past 5 years) health practice questions: whether they smoked, heavily consumed alcohol, and exercised regularly.
With the exception of several continuous variables (API, age, and the social and leisure activities index), we dichotomized most of our large number of variables to simplify the analysis. To group the dichotomized variables, we conducted alternative sensitivity modeling, applied our experience with coding in this data set, and consulted other published studies that dichotomized most of the same variables. [30] [31] [32] The frequency distributions of the 8 socioeconomic and physical environmental factors for the 866 counties and cities, the 3 major indicators of the health outcomes, and the 24 individual-level covariates are presented in Table 1 .
Statistical Analyses
In our multilevel, multivariate logistic regression models, individuals were nested within geographic areas of counties and cities to detect associations of community environmental factors with elderly ADL disability, cognitive impairment, and health deficits. The mathematical equations of the models, sampling weights, and the other technical issues are described in the Appendix (available as an online supplement). We used HLM version 6.0 for all analyses. 32 We evaluated various interaction terms (including interactions between community variables and individual SES) in our analyses, but almost none of the results were statistically significant, thus are not presented here (data available upon request). Table 2 presents detailed estimates of the odds ratios for associations of community-level factors with elderly health and mortality risk, after control for confounding individual-level factors, including age. Figure 1 depicts the main Table 2 , we focus here on community-level factors. Detailed discussions of associations between health and childhood and adult SES and between SES and mortality among elderly Chinese are available elsewhere.
RESULTS

33,34
After controlling for a wide range of potentially confounding individual and community environmental factors, we found statistically significant associations between communitylevel socioeconomic factors and health outcomes among the elderly in China. Higher labor force participation among persons aged 15 to 64 years in the community reduced older persons' risk of ADL disabilities (26%; P < .01), cognitive impairment (20%; P < .05), health deficits (40%; P < .001), and death over a 3-year follow-up (16%; P < .05).
Higher per capita GDP and lower community rate of illiteracy decreased the odds of cognitive impairment by 33% (P < .01) and 18% (P < .10), respectively. Notably, higher per capita GDP increased the rate of ADL disability by 26% (P < .05).
Community-level physical environmental factors were also associated with health outcomes, after adjustment for individual-and community-level socioeconomic variables. Air pollution increased the odds of developing ADL disability (25%; P < .001), cognitive impairment (9%; P < .05), and health deficits (8%; P < .05). Air pollution increased mortality, but this association was not statistically significant, possibly because the follow-up period was not long enough.
Weather had significant effects on diverse health outcomes. More rainfall was protective, reducing the odds of developing ADL disability (41%; P < .001) and cognitive impairment (16%; P < .10). The effect of temperature was significant as well: very low seasonal temperature increased the odds of ADL disability by 44% (P < .1) and increased mortality by 32% (P < .05); very high seasonal temperature increased the odds of developing cognitive impairment (41%; P < .01) and health deficits (92%; P < .001). Living in hilly areas decreased the odds of developing ADL disability by 52% (P < .001) and decreased DI scores by 32% (P < .05).
DISCUSSION
To our knowledge, ours was the first study to use a national longitudinal data set to investigate the effects of environmental factors on health and mortality among the elderly in China, the largest developing country. The major contribution of our study is its statistically robust conclusions derived from data from large subsamples of oldest-old and younger-old adults living in 866 highly diverse counties and cities and including information on both community-and individual-level factors. Our results indicated that, at the community level, both socioeconomic and physical environmental factors were strongly predictive of diverse health outcomes among the elderly in China, including cognitive impairment, physical disability, health deficits, and mortality.
The associations of the community-level socioeconomic factors with elderly health and survival should be interpreted in the unique social and familial contexts in China. For example, higher labor force participation rate among younger adults might seem to have little to do with the health of the elderly, who are not included in this measurement. However, in China, most elderly persons are cared for by their own families within the local community. A higher labor force participation rate among persons aged 15 to 64 years in the community results in higher community and family income and improved surroundings, which in turn may improve elderly health and survival. [35] [36] [37] Our finding that higher per capita GDP was associated with a higher rate of ADL disability is consistent with a study by Zeng and Vaupel that found fewer ADL disabilities among rural than urban elderly Chinese. 38 Conditions in communities with low GDP may force older persons to perform daily activities by themselves; that is, the elderly may be required to be active, and therefore they may not admit to disability. It is also possible that frequent exercise may enable them to maintain their ADL abilities longer than do their counterparts in areas with higher GDP. Similarly, the elderly in Indonesia, Malaysia, the Philippines, Singapore, and Thailand have been found to be more active than the elderly in developed countries. 39, 40 Moreover, persons with ADL disabilities may die earlier in poor areas but survive in richer communities that offer better medical services or other advantages. The observed relationship between community-level physical environmental factors and health outcomes among the Chinese elderly is generally consistent with what is known about other countries. [41] [42] [43] Air pollution appears to exacerbate symptoms of chronic obstructive pulmonary disease. If cleaner air promotes outdoor physical activities, it may protect against ADL disability, cognitive impairment, and health deficits. Comfortable temperatures may similarly encourage outdoor exercise, along with reducing the transmission of contagious diseases, which increases when people spend most of their time indoors. 41 Fresh air and more rainfall likely signal greater availability of food and fresh water, and may lead to better pulmonary function and nutritional status, thus to better health in the elderly. Understanding the relationship between climate and health outcomes may be useful in light of global warming. 44 We found that living in hilly terrain lowered the odds of developing ADL disability, probably because daily activities require more exertion in these surroundings. Studies of physical exercise in the elderly have found protective effects for strength, aerobic capacity, walking, and balance. 45 
TABLE 1-Continued
Consumed alcohol in past 5 y 24.5
Regularly exercised in past 5 y 34.0
Note. ADL = activities of daily living; GDP = gross domestic product; SES = socioeconomic status. a Percentage of persons aged 15 to 64 years currently working for pay. b Arm measured from processus styloideus ulnae to acromion.
c Social and leisure activity index score derived from 7 dichotomized variables: gardening, personal outdoor activities (excluding exercise), raising poultry or pets, reading, playing cards or mah-jong, listening to the radio or watching TV, and participating in some organized social activities (excluding religious participation). Average temperature in January < -10°C ( ‡ -10°C) 
Continued
Limitations
The 3-year follow-up period in our data set might not have been long enough to fully capture all the associations between environmental factors and elderly mortality. There is also an unavoidable trade-off between surveying a large nationwide sample with many community units and collecting the level of detail from respondents that would be required for deeper analysis of causal mechanisms. The associations we observed therefore could not be interpreted as determining causality.
Further work will be necessary to clarify the causal mechanisms by which Chinese elderly people's health and survival are influenced by environmental factors, including direct and indirect effects (through mediators or interactions). Possible factors that future studies might examine to help answer these questions include geochemical conditions such as drinking water quality, components of the soil in which the main food crops grow, and microelements in samples of diet and hair collected from respondents residing in carefully selected and diverse areas.
Conclusions
Recent estimates are that 13% to 37% of the worldwide disease burden could be prevented by environmental improvements, resulting in approximately 13 million fewer deaths per year. 46 The world's population is aging rapidly, and further understanding of the socioeconomic and physical environmental factors associated with health and mortality in elderly persons is vital from both societal and scientific perspectives. 12 Research on the elderly, who are highly susceptible to the adverse effects of environmental degradation, may help identify the environmental factors that present the greatest risk for ill health and to mitigate their effects through policy interventions in China and elsewhere. For example, interventions to counteract the effects of adverse environmental circumstances might include exercise programs designed to Variance at community level divided by the summation of variances at individual and community levels, then multiplied by 100. *P < .1; **P < .05; ***P < .01; yP < .001.
Note. ADL = activities of daily living; CF = cognitive function; DI = deficits index; GDP = gross domestic product; MR = mortality risk. ADL and CF values are for odds of impairment; DI impairment is a score higher than 0.45. All estimates were adjusted for 24 confounding factors pertaining to demographic characteristics, socioeconomic status in both childhood and adulthood, family support, social contacts, and lifestyle at the individual level. To estimate mortality risk, we further controlled for the DI in 2002. compensate for local environmental constraints, such as leg strengthening exercises for people living in locations without hills or aerobic exercises that could be performed indoors where air pollution precludes walking outdoors. Our findings support an urgent need for further research to inform policies and programs to improve both community environments and socioeconomic circumstances. Benefits to public health and the health of the elderly could also lead to greater social stability in China and elsewhere. j
